1. Introduction {#s0005}
===============

In December 2019, an outbreak of a novel coronavirus disease 2019 (COVID-19) occurred in Wuhan, China ([@b0155]) and subsequently spread domestically and internationally. As of 11 May 2020, COVID-19 had spread to 215 countries, areas or territories, and more than 4 million confirmed cases of COVID-19 had been reported ([@bib157]). As a global pandemic, COVID-19 is becoming a major threat to public health worldwide. Although most patients had mild symptoms, approximately 15%-20% of the COVID-19 infected patients were severe cases, some of whom develop severe pneumonia and organ failure, which can lead to death ([@b0025], [@b0120], [@b0135]). Because of the disease's high level of transmissibility, COVID-19 patients have to stay in isolated units. In Wuhan, those with mild symptoms received treatment in temporary quarantined hospital facilities (Fangcang Hospital), while patients with more severe symptoms were sent to the designated hospitals for more aggressive therapy. While being treated in isolation, patients may experience both physical and psychological discomfort ([@b0145]), which could result in mental health problems. According to previous studies, a majority of the infected inpatients experienced various mental disturbances during the epidemics of severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS). A range of mental problems, including insomnia, anxiety, depression, posttraumatic stress symptoms and even suicidality, have been reported ([@b0060], [@b0075], [@b0115]). Furthermore, many patients' psychological symptoms remained after discharge and lasted for a long time ([@b0040], [@b0085]). These studies remind us that the mental health of patients with COVID-19 should not be ignored. However, to date, studies about the mental health of the COVID-19 patients have been rare. To address this gap, we conducted a survey to evaluate the mental health status of inpatients with COVID-19 in a designated hospital by assessing their mental symptoms, including depression, anxiety, and insomnia. Factors that associated with mental health symptoms were also explored. We hope that our findings will call attention to the mental health of patients with COVID-19.

2. Method {#s0010}
=========

2.1. Participants {#s0015}
-----------------

We conducted a questionnaire survey among 85 inpatients in two isolation wards of Tongji Hospital, Wuhan (a designated hospital for adult patients with severe COVID-19) from March 7, 2020, to March 24, 2020. All the recruited participants were definitively diagnosed with COVID-19. Patients with any of the following conditions were not included: unstable vital signs, mechanical ventilation, SP02 \< 95% while on oxygen therapy, impaired consciousness, dementia, or severe psychotic disorders.

2.2. Study design {#s0020}
-----------------

The study was a cross-sectional and observational survey. Participants completed a questionnaire prior to their discharge. According to the patients' preferences, an online questionnaire was provided to 48 participants, while the other 37 were provided with a paper questionnaire with the same content.

Before commencing the study, ethical clearance was sought from Xiamen Xianyue Hospital. All surveyed participants agreed to participate and provided verbal informed consent before their enrollment. Participants were allowed to end the survey at any time. All information identifying the participants was kept confidential. After this survey, patients who reported mental health problems received help and were further evaluated by psychiatrists if so desired.

2.3. Data collection {#s0025}
--------------------

### 2.3.1. Demographic and clinical data {#s0030}

Data including sex, age, marital status, educational level, duration of disease, length of hospital stay and use of oxygen therapy were extracted from the electronic medical record.

### 2.3.2. Questionnaires {#s0035}

There were four parts to the questionnaires: the Chinese version of the Insomnia Severity Index (ISI) scale, the Chinese version of the 9-item Patient Health Questionnaire (PHQ-9), the Chinese version of the7-item Generalized Anxiety Disorder-7 (GAD-7) scale, and a 4-point scale used to assess patients' self-perceived illness severity.

**PHQ-9**

The PHQ-9 is a 9-item depression questionnaire that is designed to identify probable cases of depression and to assess symptom severity in the past two weeks. The depression scale has been validated and has good reliability (Cronbach's α = 0.86--0.89) in different medical settings. The total score ranges from 0 to 27, and a higher score indicates more severe depression symptoms. The scores were categorized as follows: absence of depression (0--4), mild depression (5--9), moderate depression (10--14), and severe depression (15--27) ([@b0065]).

**GAD-7**

The GAD-7 scale is a 7-item self-reported anxiety questionnaire with high reliability (Cronbach's α = 0.89) and validity in primary care patients and the general population. Although originally designed to detect generalized anxiety disorder (GAD), the GAD-7 has also been shown to be a good screening tool for other common anxiety disorders. All the items are rated on a 4-point scale, and the total score ranges from 0 to 21 and is interpreted as follows: absence of anxiety (0--4), mild anxiety (5--9), moderate anxiety (10--14), and severe anxiety (15--21) ([@b0080]).

**ISI**

The ISI is a valid self-reported instrument that was designed to diagnose insomnia and measure the symptom severity in the previous 2 weeks. The reliability of the scale is high, with a Cronbach's α = 0.90--0.91. A 5-point Likert scale is used to rate the 7- items, yielding a total score ranging from 0 to 28. A higher score suggests more severe insomnia, and the total score is categorized as follows: absence of insomnia (0--7), mild insomnia (8--14), moderate insomnia (15--21), and severe insomnia (22--28) ([@b0090]).

**Self-perceived illness severity**

Self-perceived illness severity was assessed by asking the participants the question "What do you think the severity of your disease is currently?" The answer options were less severe, normal, severe, and very severe. The score ranges from 1 to 4.

### 2.3.3. Inflammatory markers {#s0040}

The values of circulating inflammatory markers were recorded; these included cytokines (interleukin (IL)-1β, IL-6, IL-8, IL-10, tumor necrosis factor-α (TNF-α)), high-sensitivity C-reactive protein (hsCRP), and blood cell counts (white blood cells, neutrophils, lymphocytes). Due to the limitations of assay sensitivity, concentrations of IL-1β lower than 5 pg/mL, concentrations of IL-6 lower than 1.5 pg/mL, and concentrations of IL-10 lower than 5 pg/mL were undetectable. The neutrophil to lymphocyte ratio (NLR) was calculated by dividing the neutrophil count by the lymphocyte count. All recorded inflammatory markers were measured within one week of the date on which the questionnaire was completed.

2.4. Statistical analysis {#s0045}
-------------------------

Continuous data following a normal distribution were present as the mean ± standard deviation (SD), otherwise, they were expressed as the median with interquartile range (IQR); The median value between zero and the assay sensitivity threshold was used for samples with undetectable values, and the impact of the imputed value was minimized by the use of the rank-sum test. Participants were divided into different subgroups on the basis of their PHQ-9 scores, GAD-7 scores, and ISI scores. Differences between subgroups were analyzed, Student's t tests or Wilcoxon rank-sum tests were used for continuous data. Meanwhile, χ^2^ tests or Fisher's exact tests were chosen for categorical data, as appropriate. The standard Cronbach's α coefficient was used to evaluate the internal reliability of the PHQ-9, GAD-7, and ISI scores. To explore the potential factors associated with mental health, Spearman's correlation analysis and multivariable linear regressions were performed. A structural equation model (SEM) was used to further characterize the possible relationships among the study variables. To test the model, six goodness-of-fit indices were used: the chi-square to degree of freedom ratio (χ^2^/df), comparative fit index (CFI), Tucker-Lewis index (TLI), standardized root mean square residual (SRMR), and root mean square error of approximation (RMSEA). All data were analyzed with IBM SPSS Statistics version 21.0 and Mplus 7.4. A 2-tailed P \< 0.05 was considered statistically significant.

3. Results {#s0050}
==========

3.1. Demographic and clinical characteristics {#s0055}
---------------------------------------------

A total of 85 patients were enrolled in this study, of whom 56.5% completed the survey online and 44.5% completed the questionnaire on paper ([Table 1](#t0005){ref-type="table"} ). Overall, females accounted for 49.5%. The average age of the participants was 48.8 years. A total of 55.3% had a high school or higher educational level. Most participants were married (85.9%). The average disease duration was 32.4 days, and the median length of hospital stay was 5.7 days. 49.4% of the participants received oxygen therapy on the day of the assessment. Participants were divided into two subgroups according to their PHQ-9 scores, GAD-7 scores and ISI scores. A total of 45.9% of the participants had depression symptoms (PHQ-9 ≥ 5), and 54.1% did not have depression symptoms (PHQ-9 \< 5). Patients with depression symptoms had a longer disease duration (37.4 ± 18.7 vs 28.3 ± 19.7, p = 0.033) than those without depression symptoms. There was no significant difference between the two groups in other aspects. When patients were categorized by the GAD-7 score, 38.8% were in the group with anxiety symptoms (GAD-7 ≥ 5), and 54.1% were in the group without anxiety symptoms (GAD-7 \< 5). Compared to the group without anxiety symptoms, the group with anxiety had a higher percentage of females (63.6% vs 40.4%, p = 0.046), a longer disease duration (37.9 ± 18.9 vs 28.9 ± 19.5, p = 0.039) and a longer hospital stay (median 7.0 vs 5.7, p = 0.019). A total of 54.1% of the participants had insomnia symptoms (ISI ≥ 8), and 45.9% had no insomnia symptoms (ISI \< 8). The group with insomnia symptoms had a higher percentage of females (60.9% vs 35.9% p = 0.030) and a longer hospital stay (median 7.0 vs 5.7, p = 0.040) than the group without insomnia.Table 1Demographic and clinical characteristics of total cohort and different subgroups.Total samplePHQ-9 ≥ 5N = 39PHQ-9 \< 5N = 46P valueGAD-7 ≥ 5N = 33GAD-7 \< 5N = 52P valueISI ≥ 8N = 46ISI \< 8N = 39P valueAssessment type(%)online56.5%64.1%50.0%0.27260.6%53.80.65545.9%54.1%0.197paper44.5%35.9%50.0%39.4%46.2%37.0%51.3%Female(%)49.4%59.0%41.3%0.13063.6%40.4%0.04660.9%35.9%0.030Age(year)48.8 ± 14.348.5 ± 14.149.2 ± 14.70.81049.3 ± 15.248.6 ± 13.90.83849.61 ± 14.748.0 ± 14.00.609Marital status(%)single8.2%5.1%10.0%0.2406.1%9.6%0.9212.2%15.4%0.145married85.9%87.2%84.8%87.9%84.6%91.3%79.5%divorced2.4%2.6%4.3%3.0%3.8%4.3%2.6%widowed3.5%5.1%0.0%3.0%1.9%2.2%2.6%Educational level(%)≥High school55.3%61.1%50.5%0.38263.3%50.0%0.26654.3%56.4%0.849＜High school44.7%38.9%50.0%36.7%50.0%45.7%43.6%Disease duration (day)32.4 ± 19.637.4 ± 18.728.3 ± 19.70.03337.9 ± 18.928.9 ± 19.50.03935.4 ± 18.229.0 ± 21.00.141Hospital stay(day)5.7(4.0,8.5)7.0(4.0,10.0)5.6(3.7,7.2)0.1397.0(4.6,10.0)5.7(3.7,7.0)0.0197.0(4.0,10.9)5.6 (4.0,7.0)0.040Oxygen therapy(%)49.4%61.5%39.1%0.05160.6%42.3%0.12252.2%46.2%0.665

3.2. Questionnaire results {#s0060}
--------------------------

The internal reliability of all scales for the current study was excellent: Cronbach's α for the PHQ-9 scale was 0.914, that for the GAD-7 scale was 0.907, and that for the ISI was 0.955. A summary of the severity categories for depression, anxiety, and insomnia is provided in [Table 2](#t0010){ref-type="table"} . High proportions of the participants had moderate or severe symptoms of depression (24.7%), anxiety (16.5%), and insomnia (21.1%). In the total cohort, the mean ISI, PHQ-9 and GAD-7 scores were 9.1 points, 6.1 points, and 4.7 points, respectively ([Table 3](#t0015){ref-type="table"} ). Patients with mental health symptoms (depression, anxiety, or insomnia) had greater self-perceived illness severity than those without mental health symptoms.Table 2Severity categories of depression, anxiety, and insomnia.SeverityPHQ-9 depression symptomGAD-7 Anxiety symptomISI Insomnia symptomnPercentnPercentnPercentNormal4654.1%5261.2%3945.9%Mild1821.2%1922.4%2832.9%Moderate1315.3%1011.8%1517.6%Severe89.4%44.7%33.5%[^1]Table 3Questionnaire results of total cohort and different subgroups.Total samplePHQ-9 ≥ 5N = 39PHQ-9 \< 5N = 46P valueGAD-7 ≥ 5N = 33GAD-7 \< 5N = 52P valueISI ≥ 8N = 46ISI \< 8N = 39P valuePHQ-9 score6.1 ± 5.911.2 ± 5.51.6 ± 1.5\<0.00111.1 ± 5.52.9 ± 3.8\<0.0019.3 ± 6.32.3 ± 2.6\<0.001GAD-7 score4.7 ± 4.68.4 ± 4.81.5 ± 1.9\<0.0019.8 ± 4.01.4 ± 1.4\<0.0017.5 ± 5.01.4 ± 1.8\<0.001ISI score9.1 ± 6.813.3 ± 6.35.5 ± 4.9\<0.00114.7 ± 5.55.5 ± 4.9\<0.00114.1 ± 5.03.1 ± 2.5\<0.001Self-perceived illness severityLess severe (1 score)50.6%30.8%67.4%0.00137.0%66.7%0.04924.2%67.3%0.001Normal (2 score)30.6%43.6%19.6%39.1%20.5%42.4%23.1%Severe (3 score)12.9%12.8%13.0%17.4%7.7%21.2%7.7%Very severe (4 score)5.9%12.8%0.0%6.5%5.1%12.1%1.9%

3.3. Inflammatory marker results {#s0065}
--------------------------------

Inflammatory markers data of 70/85 patients were available, and the results are shown in [Table 4](#t0020){ref-type="table"} . Patients with depression symptoms had higher level of IL-1β, higher mean count of neutrophil and lower mean count of lymphocyte than those without depression symptoms. However, all the differences were not statistical significant. When compared to patients without anxiety symptoms, those with anxiety symptoms had a higher level of IL-1β (2.5 (2.5, 6.2) vs. 2.5 (2.5, 2.5), p = 0.045), a higher NLR (2.1 (1.5, 3.2) vs. 1.7 (1.3, 2.2), p = 0.049), and a lower mean lymphocyte count (1.6 ± 0.4 vs. 1.9 ± 0.7, p = 0.015). Patients with insomnia symptoms had a lower level of IL-10 (2.5 (2.5, 2.5) vs. 2.5 (2.5, 5.8), p = 0.039) and lower lymphocyte count (1.6 ± 0.4 vs. 2.0 ± 0.7, p = 0.010) than patients without insomnia symptoms.Table 4Levels of inflammatory markers in different subgroups.Missing DataPHQ-9 ≥ 5PHQ-9 \< 5P valueGAD-7 ≥ 5GAD-7 \< 5P valueISI ≥ 8ISI \< 8P valueCytokinesIL-1β(pg/mL)152.5(2.5,6.0)2.5(2.5,2.5)0.0802.5(2.5,6.2)2.5(2.5,2.5)0.0452.5(2.5,5.6)2.5(2.5,2.5)0.274IL-6 (pg/mL)152.2(0.8,5.5)2.1(0.8,3.8)0.8942.3(0.8,5.6)2.0(0.8,3.6)0.6781.9(0.8,4.2)2.4(1.5,3.8)0.333IL-8 (pg/mL)155.7(0.8,10.9)8.8(6.0,12.9)0.6607.3(5.4,11.4)9.2(6.1,12.0)0.4137.6(5.2,11.6)9.3(6.5,11.6)0.444IL-10 (pg/mL)152.5(2.5,2.5)2.5(2.5,4.9)0.4422.5(2.5,2.5)2.5(2.5,4.0)0.5812.5(2.5,2.5)2.5(2.5,5.8)0.039TNF-α(pg/mL)157.3(6.1,9.3)7.4(5.5,9.7)0.8917.2(6.3,8.6)7.8(5.4,9.9)0.4587.0(5.8,8.7)8.0(5.4,10.2)0.180Hs-CRP (mg/L)151.0(0.5,2.6)1.2(0.6,2.7)0.4170.9(0.3,2.0)0.8(0.6,2.8)0.1191.0(0.3,2.0)1.4(0.6,2.8)0.085Blood cell countsWhite blood cell (\*10\^9/L)156.5 ± 2.66.0 ± 1.70.3576.5 ± 2.716.1 ± 1.70.4276.2 ± 2.46.3 ± 1.80.816Neutrophil (\*10\^9/L)154.1 ± 2.43.4 ± 1.10.0734.2 ± 2.63.4 ± 1.20.1463.8 ± 2.23.5 ± 1.30.450Lymphocyte (\*10\^9/L)151.7 ± 0.41.9 ± 0.70.0991.6 ± 0.41.9 ± 0.70.0151.6 ± 0.42.0 ± 0.70.010NLR152.0 (1.4,2.9)1.7(1.2,2.3)0.1412.1(1.5,3.2)1.7(1.3,2.2)0.0492.1(1.4,2.8)1.6(1.2,2.2)0.070[^2]

3.4. Correlation analysis {#s0070}
-------------------------

Prior to establishing multivariate regression models, correlations among the study variables were explored. As seen in [Table 5](#t0025){ref-type="table"} , the PHQ-9 score for depression was significantly related to the disease duration (r = 0.25, p \< 0.05), the level of IL-1β (r = 0.50, p \< 0.001), NLR (r = 0.36, p \< 0.01), self-perceived illness severity (r = 0.46, p \< 0.01), ISI score (r = 0.70, p \< 0.01), and GAD-7 score (r = 0.80, p \< 0.01). The GAD-7 score for anxiety was positively correlated with the length of hospital stay (r = 0.22, p \< 0.05), level of IL-1β (r = 0.46, p \< 0.001), NLR (r = 0.30, p \< 0.05), self-perceived illness severity (r = 0.44, p \< 0.01), and ISI score (r = 0.75, p \< 0.01). Patients' self-perceived illness severity was also associated with the disease duration, length of hospital stay, level of IL-1β and NLR. In addition, the association between the level of IL-1β and the NLR was significant (r = 0.55, p \< 0.01).Table 5Correlations between study variables.Hospital stayIL-1βNLRself-perceived illness severityISIGAD-7PHQ-9Disease duration0.07−0.050.110.37\*\*0.130.170.25\*Hospital stay--0.120.100.27\*0.190.22\*0.13IL-1β--0.55\*\*0.32\*0.32\*\*0.46\*\*\*0.50\*\*\*NLR--0.43\*\*\*0.220.30\*0.36\*\*self-perceived illness severity--0.29\*\*0.44\*\*0.46\*\*ISI--0.75\*\*0.70\*\*GAD-7--0.80\*\*[^3]

3.5. Regression model {#s0075}
---------------------

All multivariate regression models for self-perceived illness severity, ISI score, GAD-7 score, and PHQ-9 score are presented in [Table 6](#t0030){ref-type="table"} . We explored the factors related to self-perceived illness severity and the ISI score by using multivariate linear regression and explored the factor related to the GAD-7 and PHQ-9 scores with hierarchical regression. In the self-perceived illness severity regression model, a longer hospital stay (β = 0.35, P \< 0.01) and higher NLR (β = 0.27, P \< 0.05) were independently associated with greater self-perceived illness severity after adjusting for oxygen therapy, sex, disease duration, and IL-1β, and the model accounted for 20% of the variance. The ISI model accounted for 20% of the variance. Female sex (β = 0.24, P \< 0.05), a higher level of IL-1β (β = 0.25, P \< 0.05) and greater self-perceived illness severity (β = 0.28, P \< 0.05) were related to a higher ISI score. The overall GAD-7 model accounted for 46% of the variance. The first step accounted for 30% of the variance, with sex (β = 0.34, P \< 0.05) and IL-1β (β = 0.35, P \< 0.05) identified as significant factors. The second step accounted for 16% of the variance, with self-perceived illness severity emerging as an independent predictor. In the PHQ-9 model, disease duration was a significant factor in the first step but did not remain significant after adjusting for self-perceived illness severity in the second step. The overall model accounted for 54% of the variance, and the ultimate result showed that sex (β = 0.31, P \< 0.01), IL-1β (β = 0.41, P \< 0.001) and self-perceived illness severity (β = 0.39, P \< 0.001) were related to the PHQ-9 score.Table 6Regression models of Self-perceived illness severity, ISI score, GAD-7 score, and PHQ-9 score.Self-perceived illness severityISIGAD-7PHQ-9VariableβVariableβVariableβVariableβR^2^ = 0.20\*\*R^2^ = 0.47\*\*Step1:R^2^ = 0.30\*\*Step1:R^2^ = 0.42\*\*\*Sex\#−0.17Sex\#0.24\*Sex\#0.25\*Sex\#0.26\*Oxygen therapy0.01IL-1β0.25\*Hospital stay0.18Disease duration0.31\*\*Disease duration0.32\*\*Self-perceived illness severity0.28\*IL-1β0.43\*\*IL-1β0.49\*\*\*Hospital stay0.20NLR0.07NLR0.09IL-1β0.17Step2:R^2^ = 0.46\*\*Step2:R^2^ = 0.54\*\*\*NLR0.27\*Sex\#0.34\*\*\*Sex\#0.33\*\*IL-1β0.35\*\*Disease duration0.17Hospital stay0.05IL-1β0.42\*\*\*Self-perceivedillness severity0.51\*\*\*Self-perceived illness severity0.41\*\*\*NLR−0.08NLR−0.02[^4]

3.6. Structural equation model (SEM) {#s0080}
------------------------------------

The SEM was constructed to describe possible relationships between the study variables and mental health. The model is presented in [Fig. 1](#f0005){ref-type="fig"} , and the detailed path coefficients are provided in [Table 7](#t0035){ref-type="table"} . The indices for the degree of fit of the model were ideal: χ^2^/df was 0.956, CFI was 0.999, TLI was 1.005, SRMR was 0.040, and RMSEA was 0.001. All the path coefficients were significant. The model shows that sex (β = 0.313, P \< 0.001), self-perceived illness severity (β = 0.411, P \< 0.001) and inflammatory markers (β = 0.358, P = 0.002) had direct effects on mental health. In addition, the disease duration (β = 0.163, P = 0.003) and inflammatory markers (β = 0.101, P = 0.016) indirectly affected mental health with self-perceived illness severity as a mediator.Fig. 1The SEM shows the relationships between sex, disease duration, self-perceived illness severity, inflammatory markers and mental health. Abbreviations: ISI: Insomnia Severity Index; PHQ-9: 9-item Patient Health Questionnaire; GAD-7: 7-item Generalized Anxiety Disorder. Note: \*p \< 0.05, \*\*p \< 0.01, \*\*\*p \< 0.001.Table 7Direct and indirect effects in SEM.Direct or indirect effect of pathwayStandardized path coefficientS.EP valueSex → mental health0.3130.082\<0.001Self-perceived illness severity → mental health0.4110.093\<0.001Inflammatory markers → mental health0.3580.1160.002Disease duration → Self-perceived illness severity0.3960.088\<0.001Inflammatory markers → Self-perceived illness severity0.2450.0980.012Disease duration → Self-perceived illness severity → mental health0.1630.0550.003Inflammatory markers → Self-perceived illness severity → mental health0.1010.0420.016

4. Discussion {#s0085}
=============

To our knowledge, this is the first study to evaluate the mental health status and explore the factors related to mental health symptoms among inpatients with COVID-19. As a novel and life-threatening disease, COVID-19 can cause substantial panic and stress in patients, especially those who are being treated in the isolation ward ([@b0145]). On the one hand, uncertainty regarding prognosis and the experience of witnessing adverse events during hospitalization may intensify inpatients' fear. On the other hand, isolation may make patients feel lonely and bored, and make them oversensitive with regard to taking precautions and avoiding disease transmission ([@b0110]). A previous study found that patients who were quarantined had higher levels of anxiety, depression and perceptions of stigma compared with those who were not ([@b0005]). Furthermore, physical discomfort and adverse side effects of treatment would also worsen mental distress. In our study, we found that high proportions of inpatients with COVID-19 experienced depression (45.9%), anxiety (38.8%) and insomnia (54.1%). Although it is common to have an emotional response to extraordinary stress, dysregulated emotions can result in several psychological disorders ([@b0105]), which might aggravate patients' suffering and impair their functioning at work and in daily life. Moreover, excessive stress-induced psychological reactivity may impact patients' physical health and disease outcomes ([@b0130], [@b0150]). Studies about the mental health of inpatients with COVID-19 are limited. Therefore, we reviewed previous papers about the mental health outcomes in SARS patients. Sheng et al reported that approximately 35%-40% of the SARS patients in the acute phase had psychological symptoms ([@b0115]), which is similar to the result of our study on COVID-19 patients. In previous surveys, a majority of SARS survivors still suffered from psychological disturbances after discharge. Approximately 30%-35% of survivors had anxiety and depression 1--3 months after discharge ([@b0020], [@b0070]). In a 4-year follow-up study, the incidence of posttraumatic stress disorder (PTSD) was 44% in SARS survivors ([@b0040]). Because COVID-19 and SARS share some similarities, it is necessary to identify COVID-19 patients with severe psychological symptoms in the early stage and timely provide intervention.

Factors related to the mental health of inpatients with COVID-19 were explored in our study. Regression analysis showed that female sex was a robust risk factor for insomnia, anxiety and depression. The SEM also illustrated that sex had a direct and moderate effect on mental health. This finding is in accordance with those of previous studies which demonstrated that females were more likely to suffer from mood disorders, such as depression, anxiety, and posttraumatic stress disorder. ([@b0035], [@b0125]). This sex difference in mental diseases is likely due to sex steroid hormones and genetics ([@b0050]).

Another interesting finding was that the levels of inflammatory markers might be correlated with mental problems in COVID-19 patients. Our results demonstrated that patients with mental symptoms had higher levels of IL-1β, higher NLRs, lower levels of IL-10 and lower lymphocyte counts than those without mental symptoms. Moreover, correlation analysis revealed that both the level of IL-1β and the NLR were related to the severity of mental symptoms. This finding is not just a coincidence. Previous studies have found increased concentrations of pro-inflammatory cytokines (such as IL-6, IL12, and TNFα)) and reduced concentrations of anti-inflammatory cytokines (such as IL-4 and IL10) in patients with depression and GAD ([@b0045], [@b0100]). Evidence has shown that sleep disturbance is associated with elevated levels of inflammatory biomarkers ([@b0095]). Furthermore, deficiencies in the T cell system in patients with major depressive disorder have also been reported ([@b0030]). A growing body of evidence suggests that psychological disorders are associated with inflammation; however, the mechanisms underlying the association are unclear. Two different perspectives have been proposed: one view is that psychological disorders might cause inflammation, and the other is that inflammation could cause psychological disorders. In this study, we suggest that the evidence supports the latter viewpoint. First, evidence has shown that peripheral pro-inflammatory cytokines may affect the brain ([@b0055]), and it is well known that COVID-19 can result in elevated levels of serum inflammatory markers by activating the immune response ([@b0015]). Second, given that the duration of the participants' mental symptoms was not long, it was unlikely that enough peripheral markers could have been generated, even if inflammation can be caused by mental disease. Thus, it is possible that inflammation could contribute to mental health symptoms. Based on this hypothesis, the putative relationship between inflammatory markers and mental health was established in the SEM. In the model, mental health and inflammatory markers were set as latent variables, while the scores on the three mental health assessments (PHQ-9 score, GAD-7 score and ISI score) and two inflammatory markers (IL-1β and the NLR) were included as observed variables. As shown in the SEM, inflammatory markers had significant effect on the mental health.

Our study also found that patients' self-perceived illness severity was significantly related to the severity of mental health symptoms. The possible explanations might be that patients' worries about their disease would added to their psychological burden. In addition, previous research also suggested that patients' illness perception was associated with their mental distress and mental health outcome ([@b0010]). Regression analysis showed that the disease duration and levels of inflammatory markers were two factors related to self-perceived illness severity. Patients who had a longer disease duration might have a more pessimistic attitude regarding their illness. It was reported that COVID-19 patients with elevated inflammatory markers might have more severe symptoms ([@b0140]). The results of the SEM suggested that self-perceived illness severity served as a mediator of the effect of the disease duration and inflammatory markers on mental health.

There were some limitations of our study. First, due to the restriction on contact with COVID-19 patients, we only conducted the survey in two isolation wards, and the sample size was small. A multicentre study with a larger sample size is needed to further verify our results. Second, as this study was a cross-sectional survey, we could not observe the patients' mental health symptoms dynamically, and it was difficult to explore the causal relationships among the variables. Third, not all the participants had their inflammatory markers measured, and those missing data might have resulted in information bias. Fourth, this study only evaluated some of the factors associated with mental health, and further studies about other potential factors are needed.

In conclusion, the results demonstrated that large proportions of COVID-19 patients experienced mental disturbances during hospitalization. It is necessary to pay close attention to these patients' mental health and provide timely interventions. Related factors, including female sex, the disease duration, the levels of peripheral inflammatory markers and self-perceived illness severity, may be useful to identify vulnerable patients who need psychiatric care and attention.
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[^1]: Abbreviations: PHQ-9: 9-item Patient Health Questionnaire; GAD-7: 7-item Generalized Anxiety Disorder; ISI:Insomnia Severity Index.

[^2]: Abbreviations: IL:interleukin; TNF-α: tumor necrosis factor-α; hsCRP: high-sensitivity C-reactive protein; NLR: neutrophil to lymphocyte ratio

[^3]: Notes: \* p \< 0.05 ,\*\* p \< 0.01,\*\*\*p \< 0.001.

[^4]: Notes:\* p \< 0.05 ,\*\* p \< 0.01,\*\*\*p \< 0.001; **\#**:male sex = 1, female sex = 2.
